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„„„., 5 ' . Tagged OHgonuc 
aeagents For me Preparation o» 5 Tagg 



i relates to nonr 
;rie preparation 
s also disclosed ; 



■h remaining fluorescence-ta 
J 0 C ,' e °5 S ' tagged oligonucleotides. A 
s part of this invention. 



^phosphodiester 



io compl<m 



h nu c.e,c acid (DNA, i. ^^^S^^ 

Deoxyribonucleic ac * com posed of tour n tranded form * 

' n " V ' n9 N Tr'alW S occu^g 0NA '' S ^b'le-sVanded DNA can be f »^^£d" DNA. 

ONA rouaX r t - C • ONA" and -o«^«S y ^"g "^^SS^ are small 
o tor::C ( >-0-— '■^sedC-orefertopieces.s^s,^ 

» ^ 0US r^de rcu-t. practical ^J^^-d » * ^des. and 

large enough to reporters into oiigonui. be defme0 as a c. . or che mical 

J£^^ ™ « — b 't de b d V r^-ar h a y cter,s,cs as* 

explosive y<" rharacteristic reaany provided oy » ,hiiitv of the reporter to 

physical or chermca ' ^ Ready detectabMy c ^ ^ ^ provi(jed by lhe *.W ^ ljgand 
30 deteC, ° r licence fluorescence, and d complexes in « 1C or radioac- 

rensT^cognition s,^^^^ 

^^STpS^ ™ "^^^^^Votein-enector, - 3 

Tbstrate antibody-antigen, ^ mpte ; formed between biotin and 
35 0 " nucleic acd-ligand complexes. oligon ucleotides as well as ON 

uoand-ligand complex. rally been used to tag a isttc8 | and a ne 

9 Although high specific activity P ^ ^ pe is problematic from ts s8V eral days in 

oene ated, they are prone to self »» fof visualization of the health r ,sks are 

»«• " p » r„ s s »•«•■ "°"r.;r o» » «•» « .« . 

it (AM light absorption. w« > concentrations at wi«>- ^ can detec t to mu 
many orders of magnitu e reporter. detection system ' systems must offer 

<0 ' l.ty at least comparable to that o . ^ ^ m have sno w 

ns capable of replacing high spec Smjth ^ at, rsatu 

groups ca P aD et e a( Science 238. 336-41 (193') 



in DNA If 
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cent dyes can replace absorption at the ^ flu0re sc8nt emission 

ware carefully selectea ,u d tne ability to oisw>y 

Xiency of fluorescent emission, ^ ^ js cnt, a. » J 

' S ' 9na,S ' m to induce readily «^ ^ —ds » ^ 

Th ! o analyzing DNA. For exam ple^l cu re y ^ e , A ^ nQt 

mole c each 0, t r ^ 8 *^al S * a ^^^^ 
.Ascent dye. *j^ e , " -S*- • "reporters are , attach or ,. 

Chan99 e S s it^S toferable. If. ,^ c ^ analysis ^X^^ 
ChSn f ,f attached to a variety of P°^' e * Action (PCR) is anothe techn qu ^ alsQ navB . 

— ^erit ^r^e-spe* «*<**^. 
removea u> = „_ir, n and amplification, . involve non-sire 

°' 3 nrLs- (i) preparation of a mono purification of the tive group', and O" 

Sly -c«- 2,3^2 Smitant ^ em i St ry 1.. m* 

- oT^^ent dye ^ other reporter) to - &y ^ ^her^ Cqu 

81 I1980) ; rn h Utt 27 399^ 94 0986) ^^^^adron Lett. » * » - * Connol(f 

- S;K^^^ 1 ^cSHy.5^^ A *' , "■ \ vn(hesisof tagged 
KN^--- f .:S^s present several problems in the synth s,s 
S,nh T a oS,7svnthetic si«e-spec..,c tagging ^ ^ ^ a mod i,ied o^nucleotide, 

Kion of the reporter to the reartve g amplifi cat,nn require ..... „ me 3 -end 

Tecond, both DNA seguing and ^ ( 
. ... , nNA polymerase. . 



First, it is a """^^^ve group of this mooirieu »«*-•■- ^ ^ tagged oiigon-,^- ^ 
substrate for a DNA ,poy ^ oligonucleotide is the Pt ^ a nucleotdath, W ^ ^ 

need to stoc* a 



inucleotiae, »» - — j$ atta ched 

jn the unusually dA . dT. dC 

VerSati ' iW atin^ an unusually reactive group atonQ » 

reagents is ^f"*^. is us ed to introduce 

Tnird . if a lining group difficu „ re 

additional problems ar.b . thetic O ligonucleoti< 

been successfully linked to Y 



,ited shelf-m 

unusually '^j^g" 0 ^ 
^Because the reager 



roup onto the 5'-positic 
unusually reactive group h 
, US ed to attach the unu 
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, -i re to incorporate the desired reporter .s 
tJ , h „ ua , i jrnl ted shelHile. failure to 
readve group to the oligonucleotide have ^ 

^ niiiallv difficult to determiiio ,, n usuallv reactive 

•SS^s^- 5 ^ 

approacn. ,„. ir . ri nliaonucleoi 



s , reo „„ MU ..-.-..- , . t relies on attachment of the reporter to 8 speafc 

wr . . _ „ -"^^^^^r^ r:> pnor art by 

or'wTuse in DNA ^^^^e^ers are used. ^ ^ ^ ^ |abe , ed pnmefS fo r automated 
COn Thr 5 h -«g e ge e d e oligonuc l eo« 1 des of the present uwent-onc ^ (pCR) 
0N A sequencing and .or DNA «T,p™n by 

SUMMARY OF THEINVEOTON 



reporter-A-Q (ne group consis 

herein the W^'*^* * lecW d from the group 



the formula 

ig of protected fluorescent reporters and unprotec- 



branched alkyl, Ci-Cc 



n R and R . are independently ^^^^JS^ ™"«« 
.ranched alkyl. U-Ooaryl. O-C 2 Binary 



branched alkyl ai 
(CRR'V. 



thfi aroup consisting of Cs-Cio 
. R2 „ d R 3 ar e independently selected '° m n 9 cQnsjsting of -(CRR'WAV 
unbranched alkyl; R' * ^' ected ,rom 9 



a 1 



.(AVCCRR 1 ), 



'CH,- 
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„ m , ha ar oup consisting of -F. -CI. 

s 12 and further provided tha 2 * ^ ^ , -hydroxybenzotriaz 

TV -^Up Cass o, S^scence-tagged -gP^S 

ph0 sph a te- P rotec 'n9g o"P nt . nvention , nc K, a6S .ciass o rf ^ present mventio 

Addifo ?H« are conveniently prepared using 
. oligonucleotides are udeotioe s is 

structure of this oas 




, H C-C.alkyl.-F.-C'-- Br '-'- 

ai e independently se.ected from W^^X^- 1 ^ ^ 00 . 
wherein H 5 and ff are • ndepen selected from the group co 0 _ H ^ . 0H; ^ n - 
C,-C. atoxy, and B * S ^ jrom m group conMt.no 
adenmyLand^guanmyLR 



■ ■ n aa ainst time observed «^ 
Figure 1 sho.s a «? ^ ^ 

amplified sample P'° ducts de "£ also demonstrates ,* e ™ J t9ly 337 base 

> rSST^ ^ "lu^-tagged oligonucleotide of a PP 

amplification process is. as 
pairs in size. 



■ „n tluorescence-tagged P hospho '"f/*e 9 of n tr>e°forrnuta 



rotec- 



- - , „ R 1 are independently selected ^«^JE£3 S 

- f c :X^al;:c;-C^ryl,C,C,alKaryl,andC 7 

branched alkyl. c ''^ ot 
from the group consisting ui 



5 
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I 1 



-p-OH, and _p_x 
I 1 



■ p 2 and B 3 are independently selected tr 
and salts hereof wHere,n R 3 ^ R . is se ,ected from 

branched aikyl and C.-C-o 

(CRR'W- 



(5) 

p aroup consisting of C 



• , a nd A are as 
and further provi 



.triawH-yl. tetrazoH-yl. an, 
p^pnate-protecting «~ ^ 

Preferably. A is -0-. pnos phoramidites (1 



tructures are generally isolated and used 

rea gents represented by these a are gene«^ 

^T^Zo^Z strongly favored. Ana.ogous egu, 



■s^ecte^ro^ihrgro'up^sJngc,. 
^ i hudroxvbenzotnazol-O-yi. <" 
^ t o'the Ratable P hos e h w °~7^ e P nC e 
are commonly known (wi 
and 2). phosphorous ac.ds (J), 
(4) represent ™" rifi 



ierately strong 



;ne .r organically soluble i 
i u m with the phosphoroi 
established when 



i n nrouo Preferably. V is 

, s S. - NR. or - CRR'. . y whlch can be any P^l^^ 

i^O-.^CCgJh^V i I. - B ' S v r^C and C,-C ara,y«. The most 

trom the group n9 un ° b ; anch ed alky-. CCo aryl. C^-a ^ 



excitation, a high Ascent 
,), and photostability- For , J". lase r. 



dyes that a 
Prefera 

benzami 



iently exateu u, - 'Tnrtris^anuorescent dye chosen , [°^ in 9 ;° U T P 9xas Red"), 

r'^^any^vTsl B,omed,ca, Scences. ed. by 0, 

see A- S. Waggoner, ChapteM , Appl,cat,o ^ ^ ^ 

TaV, °I' T Te.e!ably, therepo'r is a xanthene. especiaUy a xant en 
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, H C-C. alky!. -F. -CI. -Br. "L 

ier cases, a covalent linkage ^ activatable phosphorus to the owe (of attachr nei 

^'■■"ro-str^e are — * " * ^ 



I of a 



■escem i»p" . . arou n$ on the reporter during the 

Afunctional molecule. ne>rpssarv to protect sensitive funct '°^JL uS aroup , or attachment of the 

, n son. cases, it ^up. activation of the phospho » ^ protecting group^ 

a«achment of ^^'hy^. 9-P of the 0^^° ^orte" The preferred 

mvention av ps ^ known in e ?3) 

S o y r^tr^-thegro U pcons, S tin g o, 



_p_NR J R 

I 



and 



-P-N 

I 



(1) 



(2) 



Restructure specified above. A preferred embodiment is 

^porter is used in a protect Mo m. » ■ * jnven , on includes a class o ^ ^ presen 

invention and processes Known in the an 
is oligonucleotides is 




wherein R 5 and R 6 are 
C--Ci alkoxy. and -CN 
1 adeninyl, and 9-gi 



consisting of -H, O-C. alkyl. -F 

independently selected I from the grou ^ , • , , 

- selected from the gorup <- _ H and , 0H: an d n = 0 to 
s selected from the group consist g sequencing. : 

, he methods described i « ■ Additionally, tney can be > usea s _ 4 , 683 / 

4.683.202. 

EXAMPLE 



fieneral Procedure 

. , rin nnt limit, the compounds and utilities of the P"^*"' dairned 
"p^-f the Calmed reagents. *™£^£ H - " 
Examples 1-4 demonstrate v » , Mes and de scribe a process u * oligonucleotides. 
claSS of 5 -"uorescence- agged o,,go ^cleo ^ apd 5 -fluorescence-tagged ol,g ^ 

and samples 7 and 8 refer to he u^tyo S(ructur9S 7j± , 8ad, and ^ CH2CN) 




R 5 = R 8 = H. 
xxx = 505. 



I s = H, R 6 = CH 3 . 
xxx = 512. 



= CH„ R* = • 
xxx = 519. 



nt or room tempera! 



s CH 3 . 
= 526. 



I ius (25* C refers to ambient ^hion ^ uy _ w 

Ml temperatures are ^'^weight except tor mixtures of hqu. d '; w ^ rthylsultad de; SF 

percentages not otherwise >nd«a edj* Y dimethylformamide. DMSO spectrum; uv „ 

toiW.no abbreviations aje employed, u spectrum IH or HpLC fQr high pressu , 

' succinyltluorescein; NMH for nucie chromatography on s « ■ meltjng point „, 

Violet spectrum or ^ q ^^W «P «« ««* mP 

licuid chromatogrphy; GC tor g<» 



for 
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.,. mint m reporting NMR data. chemi "'f ^/exchange' rs 
^compos.tior, and bp tor "f^,, P me , jng points are uncord. ton ^ ^ ^ c 

W3S Th r«in was established by performed as described by 

described herein^ ^ chroma tography on silica gei 

' chem.« n M«- 28t197B) - 

Example 1_ 



Step 



.reparation of N-(3-(3.6-dia< 



x ,,et h oxy. 9 H.ant h en 9 -y.prop l ony.^-Vdro.,Pend-^^^ 
... otm Aldrich) and 9-(2-(N-succini 



•rtina (506 mg, 5.00 mmol. 2.5 eq. A ^"^" oared according ... 
A section of 4-hydroxy P i P e^- ^J hene ^ ( , Q23 2-« -- ol ^ P reacllon was added to 1 M 
carbonyl))ethyl)-3.6-d^cetoxy ne (20 ml) was ^ ^ dic hloromethane (3 x 30 m >■ 

al EP-A 252.683) in dry < 3icn '°' Q L . pH = 7) and extracted w overnight to attora 

-n^eous potassium phosphate butfe 30 mL P ^ and dried under va g ^ NMR and 

!°c extracts were dried over calcium , su This ma(erjal was > 90 . pu 

°Tp ami 8a (1-039 B . 104%) « ne ne xt step. , H „ H> 372 (br , m. 1H. NCH,'). 

CrU T !,Vsed without further purification nine J = 4 lH . OH) 37<M and 

T H LC N 3 MR ToMSol): 7,8 <„ »• ArH, 7 04,^ 2.88 (d. J-^S 5 ^^. 1-» ^ 

CH2*CHOH) 111 ( m » CH^HOH, and^^^ ^, 
ethanol; UV): starting m 



step 2- Preparation of ^yanoethyM^-^a-diacetoxv. 
I^Nlf-diisopropyl phosphoramidite. 9a. 



hen-g-yDproP'^y^'P 



■idin-4-yl)- 



; 10 mL) a 



Crude amide 8a (1.00 g. ca 
e (2 x 10 mU and then va< 
00 mmol. 0.5 «). tewzole_(70. 
tetra.sopropylphosphorodiamidite 
st.rnno the resulting solution fc 



(0.76 mL 
. 2 hours. 
L. pH 



3l) was coevaporated with dry ^^ r0 ^ m ne (0.14 mL. 
. 0ry diohlotomethane (1 - > b ^ 2 . cyanoethy i N N.N N ■ 
mmol. 0.5 eq, Aldrich ^ sepuen tially. a™ 

■ 2 - 41 mm °'' ' lure was added to 30 mL of 1 M apueou. 



eulD , v - -- ■ . (1Q0 g) with a 

u ,romatographed on silica y i * 

r hQ first UV absorbing component io 
, The first UV a pnosp horamidite 
and vacuum dried to o. ^ ^ pure 
ie (16 mole%). th ^ b ^ a * r ' dry DMSO-ds m a 



spha te ^JS^^J*. The residue was 
wa s concentrated. «f "^J^ce of res.dual toluen 

- ^^TS ^^^^Z^- n d 7 SB ( d 2H ArH), 7.23 <m. 

^^^^ 

2 88 ^ u d - 2 8 H -2H C cSo), 'l 57 ( (aPP dist dd, 2H ^^ Wl , 
5 B^mples?^ 
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imidy* esters 7 



described tor 
he presence of 



„ 9b 9d were prepared from ^Y°™^ puri f,ed on sil.ca g» »■ ' 
p hos phoram,d,tes |» final phosphorates H chrorna tography 

preierabW by TUj : on sA were combmed. 

Tfand SyX e (* * 10 mL >' f ^ 
, 0 ; L «ed-P-NMR(DMSO-d 6l : 

9b 147.0 (s) and 146.9 (s). 

1 SoS and 146, W- . a , s were obs erved by NMR, the ^^St^oed by 

^ cases where two P*«*£ S p e " of all of the above compounds 
' 5 SST^'rlton abou, the am,de bond.) 

Example 5 

, t rie with the Fluorescent Report£l SF505-^ 

.sFst^^ssnisssftSis^^SS^ 

preparation of SF505^LP ^p^ttached to me = 1»_ 

Z n Pont Coder® 300 according.to the general 

, r onucleotide synthesis was performed on a ^ U GTTTTCC CAGTCACGAC 3 was 
* d ^^in e operator's ^^^J^ * "d "m'wagaS 'supp««J 

T port using a manual line purge (3 x M ^ n > soy , 5 ' ^efhoxy.ntyl-2 ^^~ y V modiflcato n during or 
Ctna u e of phosphoramidite 2^£^ w * 75% before 1^ m ^jr2 complete, the sohd 
C0UP ": 9 :"ov from the synthesis ^^^ugh a plug ml) The via. 

ce n,rated under vacuum. d— in ,00 ^ ^ g < ^ «*'■ ™j££2£nE 

attacnrne nt to a, ^^^Tevlse phase column elu ed ^ at 26 0 nm and 500 nm 

as before, me y»« thg surn 0 f the arjsuiy«" 

of the oligonucleotide pro u 
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rn.no one SF505 chromophore per o > g 
■stiHed water, and stored frozen at -25 

Example 6 



Preparation of C 



r^nnnd Oligonucleotides 
er Fluorescently Taggeo uiiy 



_ _ SF52 6-4HF-p-groupsjere 
9b-9d - n "" 



2 . 4HP .p-. SF519-4HP- 

flowing «- P-^rr l^SnucSe with P-phoram,d, 
-r:r 5 : e r^.^,\ nm resP r e,v 5 succ , nylf ,uoresce,n dyes were attached 

Pf « h Jauently following the procedures of 

f^des with diHerent sequences of bases 
oligonucleotides wim u 

Example 7 



3 d Sanger Chain Elongation 



INA Sequencing with an . . - ^ ^ 

each of four 1.5 uL Eppendorf ^^^qtcACGAC 



A temp.mc y -■ = '*TuM). 3 uL 10X ^ / a ° D ttXa a no e |; r 67 C uM EDTA; 

k ne serum albumin), and 5 - - - -"'i h,s UL - j ' 

7 mg mL bovine tem perai 
,ath. then allowed to cooi 
;e re added to the fc 
ind another the ddT 
nucleotide triphosphates: 




another th 



MHinn 1 uL 40 mM dithiothreitol and 
, initiated by adding 1 UL 65 - (or 30 

B each tube. The reactions - 
G-50 Select-0 spin column (5 Pnm 
„ column effluent was collected and vacuun 
..miria and incubated at 



Taq ONA polymerase (Cetus. 5 
Jtes Each reaction was passed 
«hich had been prewashed w,m 
Paoli, k«i, whicn ri d n 5 u-L 95°* 

'Each pellet was_resuspen^ ^ ^ a , 



id analyzed 0' 



w moo ^quencing gel * 
\r.l a re U scen« en^ssT detected d 
*n Figure 1 . The pattern of chain te 



■ s a r 2 S 000 P DNA Analysis System (Du 



ring electrophore: 



of the four samples c 
sequence of a portion 0 
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. *fl SF505-4HP moeity did not 
„ in that the presence oi u« c F s05-4HP primer is 
a » e lv deduced. This demonstrates 0 ma tha t the ■ detect90 

m0 l8 to be accurately deouc hybri dize with the uin products can 

Sere with the abil*y cMW^ ^ polyme rase. and (m> *- 
a substrate *at can be exte" 
by their characteristic fluorescen 

5 Example 3 

Polymerase Ch^Be^ctiohw*^ 

" d part of a polymerase chain 

1.8 uMH. t^MtS ^ B r** 5 uniB ,uU. , onte cooled to 45- and incubated fo W£ 2 4 

30 95% (v/v) '"^^^uendng gel and analyzed on ^ ^ 

p0 ' Y T,! am 'no e the manutacturer's instructions ^ polymerase cham re ^ 

shown in Figure 2. «*> s ^ my are pBR322 Jsp ^ ^""JITS 'base pairs in 

- '-- h "' B ts^rddCT a A 

,-hain reaction i=>. <* , „ r . nc xup moeity ooe& — u.mftrase cnair 



i SF519-ddCiK ex pected. a u«« t interf9 re witn i.» — - 

labelea ,„™„rase chain reaction is. ,.'_sF505-4HP moeity ooes 00 i v merase chain 

that the presence of a 5 J™ an(j fli) the products c 

cleOTOB « polymerase chain*^^^ 

be detected b 



product of the polymerase chain r^ ^ q( a , 

:, Z9 . This ^- n ^ e ^' * a p W-erase chain , 

STSS^ « ^ istic * 

, . A chemical compound of the formula ^ unprotec , e c 

reporter-A-Q ^ protecter j fluorescent reporters 

C^porter is selected from the group cons. 

' ^ ^ "7 C ° nS Tl R and R- « <«*P^ C ^^^S^ ' 

o( . 0 ., . s ., . NR, and - CRRi ^ ^_ ^ ^ C7 . c , 2 a „ary , 
u r C- branched alkyl. C.-C.o unor* 
o',s selected from the group consisting of 



13 



-P-NR 2 R 5 



SRR'WM"" 



a 1 ' 



n nd a = 0-10. provided that 
°" 1 ' P d Yomihe group consists o! -F. -CI. 
T^roxybenzotnazoi-O-yl; and V .s 



2m + n s ,2 and further p ^ ^ te trazoM-V>. ■ 

srsss- « ^ co r ,in9 d *. *«» «- ncc*™*. 

10 * -«V.. rt **^!^ 3 where, V i. seated <orm 9 

4 . A compound accord'-* ^ ^ , s selectedjrarnj^ 9^ 

CH3 °" A^oS-nd according to C^^^eins. benzamid^ ^^senes. stilbenes. 
. P -NR 2 R 3 and- P' nCR '- 



R »C(-0)0. 



D5 nrt R6 are independently selected 1 
^and-CN-.R' isC,-C.ai^ andR 
compound according to Claim 




,.oc(.o)n' 



rse^^* e 9 r V C ° nS 

and R 3 are -CH(CH 3 h- 
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0 . A ch^co^- 




> — In HO R 



a „t,v selected from the group consist mg or c, ^^ 1 . vuradlyl, S 
^;^Si"---~•••■' P ' ,, ■ , 




FIGURE 1 

Fluorescence Emission 
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PCR Sample 



Size 
Markers 



FIGURE 2 
Fluorescence Emission 
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